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Abstract: To alleviate the harmful effects of salinization on soil micro-ecological environments, this study investigates the
restorative effects of a dual microbial system on saline-alkaline soil. The experiment used the tomato variety 'Zhongshu No. 4'
(Lycopersicon esculentum L.) as the test plant and tested arbuscular mycorrhizal fungi (AMF) and Bacillus subtilis as inoculants.
Inoculations were carried out using pot culture and root drenching methods, with saline-alkaline solutions at concentrations of
15mmol/L (SA;), 75mmol/L (SA,), and 150mmol/L (SA;), to assess the effects of exogenous AMF and B. subtilis on the soil
micro—ecological environment under saline-alkaline stress. Results showed that both AMF+B. subtilis sterilisation solution (Gm) and
AMF steriliser+B. subtilis (B) moderately improved the saline-alkaline soil conditions. However, the dual treatment (Gm+B)
demonstrated the most pronounced remediation effect. Under the dual inoculation, plant height increased significantly, by 57.52%
compared to the blank control (CK;) and by 58.04% compared to the inactivated inoculant control (CK,). In the Gm+B group, soil
organic matter increased by a maximum of 47.15% compared to CK;, exceeding the growth observed in the Gm and B treatments
alone. Significant increases in soil total nitrogen (N), available phosphorus (P), and available potassium (K) were observed, with
improvements of 38.85% (SA,+Gm+B), 465.20% (SA;+Gm+B), and 157.75% (SA;+Gm+B), respectively. Soil enzyme activities,
including urease, sucrase, and catalase, were markedly enhanced under dual treatment, with increases of 63.64% (SA,+Gm+B),
209.63% (SA;+Gm+B), and 45.26% (SA;+Gm+B), respectively. Soil bacterial, fungal, and actinomycete populations increased to
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1.93, 1.25, and 4.37times those of CK junder SA,+Gm+B and SA;+Gm+B, indicating a substantial improvement in the rhizosphere

microbial community structure. The synergistic interaction of AMF and B. subtilis reduced soil pH and electrical conductivity while

significantly increasing soil moisture content. N, P, and K levels showed an upward trend, and AMF colonization rates were

enhanced, effectively mitigating the negative effects of saline-alkaline soil on enzyme activities and promoting root and stem

development. Therefore, the AMF-B. subtilis dual microbial system demonstrates strong potential for effective ecological restoration

of saline-alkaline soil microenvironments.

Key words: AMF; Bacillus subtilis; saline-alkali stress; soil microecology; recovery effect
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Table 2 Changes in soil pH, water content and conductivity

s pH {4 KR (%) HH 5% (mS/em)

CK, 8.50+0.01ab  7.86+0.13d 0.92+0.03a

CK, 8.50£0.01ab  7.92+0.09d 0.95+0.03a

SA, Gm 8.52+0.02a  11.34+0.11b 0.81+0.03b
B 8.48+0.02b  9.64+0.16¢ 0.69+0.05¢

Gm+B  843:0.0lc 15.06+0.24a 0.56=0.03d

CK, 8.56£0.01a  5.32+0.14d 1.03+0.02a

CK, 8.54£0.01a  5.41+0.10d 1.07+0.02a
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B 8.43£0.02b  9.35:0.16b 0.80+0.06bc
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Gm+B  841:0.02c 12.24x0.17a 0.90+0.03d
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Table 3 Effects of AMF and B. subtilis on soil microbiota

under salt alkali stress

b3 FLHE(x10%cfu/g) AT (<10°cfu/g) T B (<10 cfu/g)
CK, 38.33+4.25d 2.42+0.12b 17.50+3.54d
CK, 38.66+3.72d 2.58+0.12b 17.58+3.14d
SA, Gm 49.17+3.12¢ 2.51£0.12¢ 25.83+3.12¢
B 59.16+3.92b 1.33+0.12d 35.00+4.08b
Gm+B  69.67+3.01a 2.67+0.12a 47.50+5.40a
CK, 32.33+2.32c 2.00+0.20b 13.3343.11¢
CK;, 32.83+2.62¢ 2.00£0.20b 13.33+2.71c¢
SA, Gm 47.50+5.35b 2.23+0.12b 20.83+6.56b
B 51.00+2.85b 1.33+0.12¢ 27.50+5.40b
Gm+B 62.33+4.48a 2.50+0.20a 36.67+2.36a
CK, 27.83+2.05d 1.67+0.12b 6.67+2.36¢
CK, 27.914+2.54d 1.424+0.12b 6.58+2.25¢
SA; Gm 39.00+2.54¢ 1.78+0.12b 14.17£3.12b
B 46.67+3.57b 1.08+0.12¢ 19.49+2.04b
Gm+B 55.00+4.30a 2.00+0.20a 29.17+1.18a
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Fig.5 Changes in AMF infection rate under single bacterial
(AMF) and double bacterial (AMF, B. subtilis) treatments
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